A key challenge for primates is coordinating behavior with conspecifics in large, complex 2 social groups. Gestures play a key role in this process and chimpanzees show considerable 3 flexibility communicating through single gestures, sequences of gestures interspersed with 4 periods of response waiting (persistence) and rapid sequences where gestures are made in quick 5 succession, too rapid for the response waiting to have occurred. Previous studies examined 6 behavioral reactions to single gestures and sequences, but whether this complexity is associated 7 with more complex sociality at the level of the dyad partner and the group as a whole is not 8 well understood. We used social network analysis to examine how the production of single 9 gestures and sequences of gestures was related to the duration of time spent in proximity and 10 individual differences in proximity in wild East African chimpanzees (Pan troglodytes 11 schweinfurthii). Pairs of chimpanzees that spent a longer duration of time in proximity had 12 higher rates of persistence, but not a higher rate of single gesture or rapid sequences. Central 13 individuals in the social network received higher rates of persistence, but not rapid sequence 14 or single gesture. Intentional gestural communication plays an important role in regulating 15 social interactions in complex primate societies.
Introduction 25
Primate social life has frequently been described as particularly complex in its nature 26 and when compared with other vertebrates, primates have unusually large brains for their body 27 size (Dunbar 1993; Dunbar 1998) . Primate sociality is based on bonded social relationships 28 where individuals repeatedly interact with the same group members in many different contexts 29 change. In contrast shorter duration of time spent in proximity would be associated with higher 150 rate of response absence and response by communication. Roberts and Roberts 2016b) . We therefore predict that 156 the centrality of individual chimpanzees will be associated with the rate of singe, rapid and control for these biological factors in all models. sample group of 12 adult focal subjects (6 adult males and 6 adult females) was chosen to 176 ensure lack of any limb injuries and in accordance with the level of habituation, simultaneously 177 ensuring that age and rank classes were equally represented in the samplesee Table 1 178 (Roberts and Roberts 2016b) for demographic and sampling details of the focal chimpanzees. 179 The study was non-invasive and the study methods were approved by the University of Stirling 180 Ethics Committee. Full details of the study site, subjects, data collection, video analysis and 181 classification of gestures have been described previously (Roberts et al. 2014a ), so only the 182 key information is provided here. 183 Data collection protocol 184 During 18-minute focal follows consisting of 9 scans (nine 2-minute intervals), two types of 185 social information were recorded. First, the association and activity patterns were recorded. 186 These included the identity of individuals present within 10 m and more than 10 m away from 187 the focal individual, and the identity, visual attention, distance and activity of the nearest 188 neighbour to the focal individual. Second, gestural communication to accompany the 18-189 minute instantaneous sampling of association and behaviour patterns in the chimpanzees was 190 recorded continuously using a digital video camera recorder.
191
Visual attention between the focal individual and the nearest neighbour was recorded using 192 categories presented in Supplementary Information 2. We tested the similarity in association 193 patterns between the scans taken at 2 minute intervals, to examine the extent to which 194 association patterns changed during the 18 minute focal follows, and between one focal follow 195 and the next. For full details of this analysis, see (Roberts and Roberts 2016a; Roberts and 196 Roberts 2016b). Briefly, the results demonstrated that the adjacent scans taken at 2 and 4 197 minutes of the 18-minute sampling period yielded similar findings, and thus adjacent 2 minute scans within a focal follow were treated as continuous data. However, the first scan (2 min) First, we used the genetic relationships identified in previous studies to classify pairs (dyads) 205 of chimpanzees as kin or non-kin (Reynolds 2005) , taking into account maternal kin relations 206 only (relatedness 0.5). We classified dyads of chimpanzees as belonging to the same (5 years 207 or less age difference) or a different (above 5 years age difference) age class (Mitani et al. 208 2002) and also according to reproductive and sex similarity. The details of the categorization 209 of attribute data are provided in Table 2 . 210 Second, to establish the rates of gestures between dyads, the video footage was viewed on a 211 television and the cases of nonverbal behaviour that were identified were coded as an act of 212 gestural communication if they met following criteria: 1) the non-verbal behaviour was an 213 expressive movement of the limbs or head and body posture that was mechanically ineffective, 214 2) the behaviour was communicative by non-mechanical means (i.e. consistently produced a 215 change in the behaviour of recipient or facilitated maintenance of activity, e.g. grooming).
216
Whilst the criterion of 'non-mechanical means' did not exclude cases of physical bodily 217 movement by the signaller of a social partner, it was important that such cases had a 218 communicative purpose, i.e. rather than just move the body part of the social partner physically, 219 these cases also displayed communicative purpose, For example during grooming, the light 220 touch of the body and subsequent slight displacement of the body part also meant the desire 221 for the social partner to move the body part. Next, behaviour had to be goal directed to be is a perlocutionary act because, while communication may be said to have occurred, the 227 "sender" (the child) did not intentionally direct any behavior towards the mother. If, on the 228 other hand, the child has turned its attention from the cabinet to the mother and whined at her, Byrne 2011b), persistence of gesturing is when the chimpanzee produces one gesture or a 245 gesture sequence, then after a period of response waiting (1-5s) they produce another gesture -246 here such instances are termed a 'persistence sequence'. However, when a chimpanzee 247 produces a sequence and there is no intermittent pause between gestures, then the chimpanzee 248 has not persisted -here such instances are here termed a 'rapid sequence'. Supplementary 249 Information 2 contains detailed information for the percentages of each gesture type occurring 250 within each sequence type. Moreover, Supplementary Information 1 (Table 2) .13] and for rapid sequences was 8.9 ± 9.09, [3.14, 14.69]see also 324 Supplementary Information 1, Table 2 for frequency of single gestures, persistence and rapid 325 sequences for each focal subject separately. In this study we used two main sets of analyses:
326
Multiple Regression Quadratic Assignment Procedures (MRQAP) and node-level regression.
327
The description of all the variables included in these models are provided in Table 2 . In all Type of sequence and proximity (Hypothesis 1) 333 We used MRQAP to examine the relationship between duration of time spent in proximity 334 (within 10 meters per hour spent in same party) and the rate of production of gestures 335 (frequency per hour spent within 10 m) and demography (Table 3 ). The proximity was 336 significantly positively associated with a higher rate of persistence sequence between dyads (β 337 = 0.164, p = 0.034). In contrast, the rate of rapid sequences or persistence sequences was not 338 significantly associated with the proximity (Fig. 1 ).
339
Type of sequence and type of response (Hypothesis 2) 340 We then examined how the rate of response type to the gestures (response by visual or tactile, 341 gesture, response by vocalization, response by activity change) was associated with the type of 342 sequence (rapid sequence, persistence sequence, single gesture) (Tables 4 -6). There was a 343 positive association between response by vocalization and rapid sequence (β = 0.857, p = 344 0.001). Moreover, there was a positive association between a single gesture and response type 345 by activity change (β = 0.488, p = 0.001) and positive association between a single gesture and 346 response by visual or tactile gesture (β = 0.392, p = 0.001). Finally, there was a positive 347 association between response by activity change and persistence (β = 1.132, p = 0.001) but 348 negative association between response by tactile or visual gesture and persistence (β = -0.754, 349 p = 0.001).
350
Presence and absence of response and proximity (Hypothesis 3) 351 We next examined how the rate of response type to the gestures (response presence and 352 absence) was associated with the proximity (Table 7) There was a significant positive 353 association between proximity and response presence (β = 0.178, p = 0.026). 355 We next examined how the rate of response type to the gestures (response by visual or tactile, (Table 8 ). There was a significant negative association between proximity and 358 response by visual or tactile gesture (β = -0.391, p = 0.012). In contrast, there was a significant 359 positive association between the proximity and response by activity change (β = 0.603, p = 360 0.002).
354

Type of response and proximity (Hypothesis 4)
361
Sequence network size and centrality in proximity network (Hypothesis 5) 362 Finally, we used node-level regressions to examine the association between gesture sequences 363 (rapid and persistence), single gestures and individual position in the proximity network 364 (centrality outdegree). Out degree refers to behaviours directed by the focal chimpanzee to 365 conspecifics, whilst in degree refers to behaviours directed by conspecifics towards the focal 366 chimpanzee. The network can vary between dyad A to B and B to A (e.g. proximity of Bwoba 367 to Hawa can be different from proximity of Hawa to Bwoba), therefore in degree and out degree 368 are calculated separately. All analyses controlled for the duration of time spent in proximity 369 to oestrus females, time spent in proximity to kin, and the age and sex of the focal chimpanzee.
We found that there was a positive association between the proximity outdegree and a 371 persistence sequence indegree (β = 1.858, p = 0.015, Table 9 ). Thus individual chimpanzees 372 with a higher rate of social behaviours directed at them also received a higher rate of persistence 373 sequence directed at them. 
